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Abstract Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS) as a new
valuable technique has been used for qualitative screening
of anthocyanins in wine and grape samples from Vranec
and Merlot variety. For that purpose, different MALDI
matrices have been tested, such as α-cyano-4-hydroxycin-
namic acid, sinapic acid, 2,5-dihydroxybenzoic acid (2,5-
DHB), and C70 fullerene. It was observed that 2,5-DHB
was superior with respect to all the matrices used in the
study. Furthermore, fullerene was, for the first time, tested
and used as a possible matrix for MALDI-TOF-MS
identification of anthocyanins in wine and grape samples.
The results obtained showed identification of aglycone
forms of anthocyanins only, since the higher laser energy
applied for ionization of the fullerene molecules led to great
deal of fragmentation of the sugar moiety from glucosides,
acetylglucoside, and p-coumaroylglucoside groups from the
corresponding anthocyanin molecules. Additionally, liquid
chromatography/electrospray ionization mass spectrometry
has also been applied for anthocyanin characterization.
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Introduction
Phenolic compounds are considered as main factors respon-
sible for the quality of grapes, and thus for their corresponding
wines. Among them, the anthocyanin profiles are highly
variable and typical of the grape variety; therefore, they can be
used as a criterion for the assessment of grape authenticity,
including varietal characterization and differentiation of red
grapes. Anthocyanins from Vitis vinifera grape are charac-
terized as 3-monoglycosides, 3-acetylglycosides, 3-p-cou-
maroylglycosides, and 3-caffeoylglycosides of cyanidin,
delphinidin, peonidin, petunidin, and the dominant malvidin
(Wulf and Nagel 1978). The ratio of acetylated/p-coumar-
oylated anthocyanins and the sum of acylated anthocyanins
have proven to be particularly significant and characteristic
for certain grape varieties (Bakker and Timberlake 1985).
Since the quality of grape and wine strongly depends on the
anthocyanin content, obtaining information on chemical
structures accomplished by molecular mass determination
can provide a solid basis in order to distinguish V. vinifera
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species against grapevines from other species or hybrid
cross-breeds.
Reversed-phase liquid chromatography (RP-HPLC) cou-
pled with photodiode array detector is the most commonly
used technique for analysis of anthocyanins (Wulf and
Nagel 1978; Piovan et al. 1998; De Villers et al. 2004;
Alcalde-Eon et al. 2006; Kelebek et al. 2007). Application
of modern mass spectrometry techniques, such as liquid
chromatography mass spectrometry (LC-MS) and matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS), became the most sophis-
ticated techniques for anthocyanin analyses in grape and
wine. Mass spectrometry technique is applicable and
effective for studies of glycoside compounds, allowing
characterization of the aglycone and sugar moiety (Pérez-
Magariño et al. 1999, de Villers et al. 2004, Monagas et al.
2005; Baldi et al. 1995, Cameira-dos-Santos et al. 1996,
Wang and Sporns 1999, Revilla and González-San José
2001, Núñez et al. 2004).
Application of MALDI-TOF for analyses of anthocya-
nins in food samples has already been proved (Wang and
Sporns 1999, Krueger et al. 2000; Carpentieri et al. 2007;
Es-Safi et al. 2006; Reed et al. 2005; Robards 2003; Sugui
et al. 1998; Sugui et al. 1999; Tholey and Heinzle 2006;
Lerouxel et al. 2002; Yamada et al. 2007; Fraser et al.
2007). This technique allows successful determination of
the molecular weights in complex samples and amount of
each species, directly from ion abundances in the mass
spectrum without previous isolation or clean-up of the
sample (Hanton 2001). MALDI technique, for the first time
was demonstrated by Karas et al. 1987, originally devel-
oped for large biomolecules analysis. Coupling of MALDI
with one of the simplest mass analyzers, time-of-flight,
allowed sensitive and efficient technique with high sensi-
tivity, ease of used, speed of analysis, good tolerance
towards contaminants, and, the most important, the ability
to analyze complex mixtures, giving access to a theoreti-
cally unlimited mass range. A basic characteristic of
MALDI is mixing the analyte with a suitable matrix,
followed by application of the mixture on a MALDI plate,
and then, irradiation by a pulsed laser. During the
irradiation, the analyte and matrix molecules are ablated
and ionized. A number of substances have been tested and
applied as MALDI matrices, but there are no general rules
for predicting the suitability of a substance as matrix. The
most frequently used matrices are derivatives of benzoic
acid, e.g., 2,5-dihydroxybenzoic acid (2,5-DHB; Juhasz et
al. 1993; Carpentieri et al. 2007) and derivatives of
cinnamic acid, e.g., α-cyano-4-hydroxycinnamic acid
(CHCA) or sinapic acid (SA). Fullerenes have also been
used as matrices, whereas the first application was for laser
desorption of biomolecules involving application of protein
analyte solution directly onto the pre-deposited fullerene
film (Michalak et al. 1994). Fullerene matrices has been
used for MALDI-TOF analysis of small hydrophobic
molecules (e.g., steroids, fatty acids; Mernyak et al. 2008,
Mernyak et al. 2009), but until now there are no data
reported on their application for analyses of anthocyanins
(which contain hydrophobic aromatic rings) in wine and
grape samples.
The most widely used sample preparation methods for
MALDI analysis are the dried droplet technique when a
mixed solution of sample or analyte/s and matrix is
deposited onto a MALDI plate, allowed to dry, and the
sandwich method where the sample is placed “in a
sandwich” between two matrix layers. In this study, both
preparation MALDI methods have been used in order to
find the best way of preparation and the most appropriate
matrix for analysis of anthocyanins in grape and wine
samples. For that purpose, the first step of the work was
testing the efficiency of different MALDI matrices, and
then, fullerene was for the first time used and tested as a
possible matrix for anthocyanin analyses applying the
“sandwich” method for sample crystallization. Additionally,
LC-MS technique was applied for structural characteriza-
tion of anthocyanins in the samples. Thus, this research
work reports a simple and fast method for anthocyanin
identification in grape and wine, considered as the key
compounds in enology and viticulture necessary to be
monitored.
Materials and Methods
Chemicals
The MALDI matrices: α-cyano-4-hydroxycinnamic acid,
2,5-dihydroxybenzoic acid, sinapic acid, and C70 fullerene
(Gold grade) were purchased from Hoechst AG (Frankfurt,
Germany). The standard of malvidin-3-glucoside was
purchased from LGC Promochem GmbH, Szentendre
(Hungary). Methanol and acetonitrile (HPLC grade) were
purchased from Scharlau Chemie S.A. All the other used
reagents were of analytical purity grade.
Grape Samples
Grape berries used for this study were grown at the
vineyards of the Institute of Agriculture in Skopje. Samples
from Vranec variety (harvest 2007) were collected from
8 years old vineyards (13.4 ha) when the grapes were at
technological ripeness, performing random sampling (10 kg
from 30–40 plants) by picking berries from the top, central,
and bottom parts of the cluster. Samples were kept on −20°
C before analysis.
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Extraction Procedure
Stems were removed and while the grapes were still frozen,
skins were separated from the pulps. The skins, thawed off,
were blotted on paper towels to remove any residual pulp
and were grounded. One gram of skins were extracted twice
in closed Erlenmeyers (25 mL) with 10 mL acetone/water
(80/20, V/V) containing HCl (0.1/10, V/V) to prevent
oxidation of polyphenols (Ivanova et al. 2010). Extraction
started with maintaining for 15 min in an ultrasonic bath
and then stirred for 30 min on a magnetic stirrer. The
mixture was centrifuged at 3,000 rpm for 10 min. For each
extraction, the supernatants were collected, joined, and
brought to a final volume of 25 mL with distilled H2O and
then, concentrated by rotoevaporation.
Wine Samples
Vranec and Merlot wines (vintage 2007) kindly provided
by the Department for Enology, Institute of Agriculture in
Skopje, Republic of Macedonia, were assessed over this
study.
MALDI-TOF-MS Analysis
MALDI-TOF-MS analyses were performed using the
Autoflex II. MALDI-TOF/TOF-MS instrument (Bruker,
Daltonics, Bremen, Germany), scanning in positive and
reflectron mode in the range of 50–700m/z and accumulat-
ing data from 1,000 consecutive laser shots. The samples
were crystallized with the different matrices (CHCA, SA,
2,5-DHB, and C70 fullerene) and were ionized by nitrogen
laser pulse (λ=337 nm, 50 Hz) accelerated under 20 kV.
The laser power was adjusted to ∼60 % of its maximal
intensity in case of fullerene matrix, otherwise it was
between 30% and 45%.
Ten milligrams of the matrices were dissolved in 1 mL
0.1% TFA/ACN (2:1, V/V) and the saturated solution of
fullerene was prepared in toluene. One microliter of sample
solutions were loaded onto the target plate (MTP 384
massive target plate, Bruker Daltonics, Bremen, Germany)
by mixing with the same volume (1 μL) of the matrix
solutions. Sandwich method was used with C70 fullerene
matrix. One microliter of the fullerene solution was loaded
onto the target plate and then the sample droplet (1 µL) was
spotted on top of the evaporated matrix and finally it was
covered by the second matrix layer (1 µL). Internal
calibration was carried out for the samples mixed with
CHCA, SA, and 2,5-DHB by using the monoisotopic peaks
of the positively charged quasimolecular and dimer ions of
matrices. External calibration was performed with standard
solution of the mixture of CHCA and SA in case of using
fullerene as a matrix. Data processing was executed with
FlexAnalysis 2.4 software packages. The components were
identified according to the molecular mass of their mono-
isotopic molecular or quasimolecular ions.
HPLC Analysis
For identification purposes, an Agilent Series 1100 LC
System combined with an Agilent 6300 Series Ion Trap
LC-MS system was used, equipped with a binary pump, a
degasser, an autosampler (100 μL sample loop), a column
thermostat, and UV-Vis diode-array detector for identifica-
tion of phenolic compounds. Separation of the components
was performed on a Phenomenex RP C18 column (60×
4.6 mm, i.d. 3 µm) with a mobile phase consisting of 1%
(V/V) acetic acid in water (solvent A) and 1% (V/V) acetic
acid in methanol (solvent B) at flow rate of 0.2 mL/min and
at 25°C. Proportions of solvent B were as follows:
0–10 min, 5–20%; 10–45 min, 20–50%; 45–50 min, 50–
80%; and 50–60 min, 80–90%. The HPLC system was
connected to the mass spectrometer equipped with an
electrospray ion source, operated in alternating (positive
and negative) mode. Nitrogen was used as drying gas at
325°C, with a flow rate of 5 L/min; the pressure of the
nebulizer was set at 15 psi. The scanning mass to charge
range of the ion trap was 50–2,200m/z with a maximum
accumulation time of 200 ms.
Results and Discussion
The primary aim of this study was to apply a MALDI-TOF-
MS method for fast throughput analysis of wine and grape
anthocyanins. Since the choice of the matrix and the sample
preparation are two critical concerns for successful MALDI
analysis, different MALDI matrices have been tested and
their effects compared in order to check their suitability for
identification of anthocyanins. Thus, three matrices, includ-
ing CHCA, SA, and 2,5-DHB, prepared with the dried
droplet technique, and C70 fullerene prepared with the
sandwich method, have been tested. Their positive-ion
MALDI-TOF-MS spectra are shown in Fig. 1.
As can be seen from the figure, comparing the TOF-MS
spectra of the different matrices used, it was observed that
the obtained quasimolecular, fragment, and adduct ion
peaks for CHCA, SA, and 2,5-DHB appeared in the mass
range of m/z 100–600 showing almost the same intensity.
Opposite, the peaks of C70 fullerene matrix practically did
not show peaks in this range, which was expected since the
molecular mass of fullerene is m/z 840, meaning that even a
few obtained signal peaks would have very low intensity in
the range of interest for anthocyanin identification (m/z
100–700), as it was observed. Moreover, giving good
quality spectra, appeared fullerene matrix peaks with very
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low intensity in this low range (m/z 100–700) could not
influence the identification of the sample anthocyanin peaks
and interfere with them. Therefore, fullerene was tested as a
possible new matrix for wine and grape anthocyanin
analyses, together with the other three well-known MALDI
matrices. The obtained MALDI-TOF-MS results, presented
as relative intensities (%) of the anthocyanin peaks,
detected in Vranec grape skin extract and two wines,
Vranec and Merlot, analyzed with the different matrices, are
presented in Table 1. MALDI-TOF-MS spectra of Vranec
skin extract obtained with different MALDI matrices tested
are presented in Fig. 2.
As can be seen from Table 1 and Fig. 2, it was
observed that 2,5-DHB was superior for identification of
anthocyanins present in the analyzed samples, with respect
to all the matrices tested. In fact, DHB prepared in 0.1%
TFA/ACN (2:1, V/V) allowed homogeneous sample
preparation and higher ionization efficiency. The big
sensitivity of the MALDI technique, allowed identification
of the anthocyanins in their glucoside, acetylglucoside,
and p-coumaroylglucoside forms present in the grape skin
and wine, as well as identification of the five aglycones.
Results were in agreement with the previously published
results (Carpentieri et al. 2007) whereas DHB showed best
results with respect to all the matrices tested in the study.
Figure 3 shows the MALDI-TOF-MS spectra of skin
extract and two wine samples obtained with 2,5-DHB
matrix.
Fullerene matrix was, for the first time, used for
anthocyanin analyses applying the sandwich method,
whereas the analyte is basically sandwiched between
two matrix layers, which gave the possibility to analyze
hydroscopic samples. MALDI-TOF-MS “fingerprints” of
the analyzed wine and grape samples, applying sandwich
method with C70 fullerene matrix for ionization, are
shown in Fig. 4.
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Fig. 1 Positive-ion MALDI-TOF mass spectra of the matrices. a CHCA (α-cyano-4-hydroxycinnamic acid), b SA (sinapic acid), c 2,5-DHB
(2,5-dihydroxybenzoic acid), and d C70 fullerene
Food Anal. Methods (2011) 4:108–115 111
Applying this matrix for ionization, anthocyanins were
identified in their agylcone forms (Figs. 2 and 4). Actually,
the strength of the laser energy was tested and observed that
ionization of the matrix molecules required higher energy in
order to perform fragmentation of the matrix molecules.
Nevertheless, adjusting the laser power to ∼60% of its
maximal intensity caused fragmentation of the sample
molecules, leading great deal of fragmentation of the sugar
moiety from glucosides, acetylglucoside, and p-coumaroyl-
glucoside groups from the corresponding anthocyanin
molecules resulting with elimination of the glucoside,
acetylglucoside, and p-coumaroylglucoside groups, thus
allowing identification of the anthocyanins only in their
aglycon forms. Taking into account the results from this
research, we could conclude that the attempt of using
fullerene as a possible matrix for MALDI screening of
anthocyanins should be extended on testing the effect of
derivatized and/or acidified fullerenes as possible matrices,
since those matrices require lower laser power for ioniza-
tion. Furthermore, the fullerene derivatives, as a new class
of matrices, possesses high analyte ionization efficiency,
small molar ratios (less than 1) of matrix/analyte and a
broader optical absorption spectrum, which should obviate
specific wavelength lasers for MALDI acquisitions (Ugarov
et al. 2004) and could be used for MALDI screening of
anthocyanins. Thus, further investigations are necessary to
be performed in order to allow proper identification of
grape and wine anthocyanins (glycosides, acetyl, and p-
coumaroyl derivatives) applying the new MALDI matrices.
Identification of the peaks from the analyzed samples,
obtained with application of the different MALDI matrices
was performed on the basis of the targeted fragmentation of
the ions of interest (their M+ signals) under positive-ion
mode. Thus, positively charged flavylium cation of malvi-
din (m/z 331) was detected in all samples under each
experimental condition. Other anthocyanin aglycones,
including delphinidin, cyanidin, petunidin, and peonidin,
have been detected in the wine and grape skin samples,
observing fragment ions of M+ at m/z 303, 287, 317, and
301, respectively. The molecular ion peaks that appeared in
the mass spectrum, at m/z 493, 535, and 639 corresponded
to the malvidin-3-glucoside, malvidin-3-acetylglucoside,
and malvidin-3-p-coumaroylglucoside, respectively. Molec-
ular peaks at m/z 317, 479, and 625 exhibited in the
MALDI-TOF-MS spectrum of the grape skin extract,
obtained with 2,5-DHB matrix and have been identified as
petunidin, petunidin-3-glucoside, and petunidin-3-p-cou-
maroylglucoside, respectively. Compounds peonidin,
peonidin-3-glucoside, and peonidin-3-p-coumaroylgluco-
side have been detected on the basis of their M+ signals at
m/z 301, 463, and 609, respectively.
In order to confirm the obtained MALDI-MS results for
the presence of glucoside, acetylglucoside, and p-coumar-
oylglucoside derivatives of delphinidin, cyanidin, petuni-
din, peonidin, and malvidin in the skin extract and wines,
additional LC-MS analysis has been performed. UV-Vis
spectra, molecular and fragment ions of delphinidin-3-
glucoside, cyanidin-3-glucoside, petunidin-3-glucoside,
Table 1 Relative intensities (%) of the anthocyanin peaks identified by MALDI-TOF-MS in grape and wine samples applying different matrices
Anthocyanins
(rel. intens. %)
Dp Cy Pt Pn Mv Dp Cy Pt Pn Mv Dp Cy Pt Pn Mv Dp Cy Pt Pn Mv
Matrix Aglycones Glucosides Acetylglucosides p-coumaroylglucosides
Grape skin extract
CHCA <1 <1 5 4 100 – – – – 2 – – – – <1 – – <1 <1 1
SA <1 – <1 <1 10 – 1 <1 <1 11 – – – – 2 – – 1 1 27
2,5-DHB <1 <1 3 3 41 – – 2 3 78 – – <1 <1 19 – – 5 4 83
C70 sandwich 3 2 9 8 90 – – – – – – – – – – – – – – –
Vranec wine
CHCA 1 <1 4 5 72 – – – <1 9 – – – – 1 – – – – <1
SA <1 – <1 <1 8 – – – – 19 – – – – 3 – – <1 <1 14
2,5-DHB 1 – 1 1 14 – – 1 2 30 – – – <1 6 – <1 <1 1 10
C70 sandwich <1 <1 1 2 35 – – – – – – – – – – – – – – –
Merlot wine
CHCA <1 – 1 2 43 – – – <1 4 – – – – <1 – – – – <1
SA 1 – 1 1 25 – – <1 <1 20 – – – – 4 – – <1 <1 18
2,5-DHB 1 – <1 <1 5 <1 – <1 1 13 – – – <1 2 – – <1 <1 4
C70 sandwich 1 <1 2 5 100 – – – – – – – – – – – – – – –
CHCA α-cyano-4-hydroxycinnamic acid, SA sinapic acid, 2,5-DHB 2,5-dihydroxybenzoic acid, C70 fullerene
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peonidin-3-glucoside, and the dominant malvidin-3-
glucoside, were in agreement with the literature data
(Vivar-Quintana et al. 2002; Alcalde-Eon et al. 2004, De
Villers et al. 2004, Wu and Prior 2005; Chinnici et al.
Chinnici et al. 2009). Molecular and fragmentation ions, as
well as λmax values are presented in Table 2. The
monoglucosides have similar mass spectra, characterized
with two signals, molecular ion M+, and aglycone fragment
[M-162]+ which results from elimination of glucose
molecule. The anthocyanin derivatives, 3-acetylglucosides
and 3-p-coumaroylglucosides, of the five anthocyanins
were identified in a similar way. The mass spectra of 3-
acetylglucosides are characterized with M+ and [M-204]+
fragment. The fragment ion at 204 Da corresponds to the
acetylglucoside group, so the fragment [M-204]+ corre-
sponds to the related aglycone and p-coumaroylglucoside
derivatives give two signals, the molecular ion M+ and
fragment ion [M–308]+, as a result of loss of p-coumar-
oylglucoside group.
Conclusions
Rapid and simple MALDI-TOF-MS method, without
sample preparation, was used for identification of antho-
cyanins in grape and wine, demonstrating the ability of
MALDI as valuable technique for fast screening. Differ-
ent matrices, including CHCA, SA, 2,5-DHB, and C70
fullerene have been tested, observing best results with
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Fig. 2 Positive-ion MALDI-TOF mass spectra of the grape skin extract of Vranec variety obtained with different MALDI matrices: a CHCA (α-
cyano-4-hydroxycinnamic acid), b SA (sinapic acid), c 2,5-DHB (2,5-dihydroxybenzoic acid), and d C70 fullerene (“sandwich” method)
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2,5-DHB matrix for ionization, that allowed identification
and confirmation of the presence of the dominant
compounds in wine and skin samples, such as malvidin
and its derivatives: malvidin-3-glucoside, malvidin-3-
acetylglucoside, and malvidin-3-p-coumaroylglucoside,
considered as the most important compounds for the
quality and color of grapes and wines. Skin extracts and
wine samples were analyzed without additional purifica-
tion confirming the ability of MALDI-TOF-MS to analyze
crude samples. Fullerene was for the first time applied as a
possible matrix for MALDI-TOF-MS analysis of antho-
cyanins in grape and wines, but, great deal of fragmenta-
tion of sugar moiety was observed, concluding that further
extended investigations should be performed on testing
derivatized fullerenes, as a possible new matrices suitable
for MALDI-TOF-MS analysis of anthocyanins.
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Fig. 4 Positive-ion MALDI-TOF mass “fingerprint” spectra of the
analyzed samples: a Vranec wine, b Merlot wine, c skin extract of
Vranec grape obtained with C70 fullerene “sandwich” matrix
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Fig. 3 Positive-ion MALDI-TOF mass spectra of: a Vranec grape skin extract, b Vranec wine, and c Merlot wine, obtained in presence of 2,5-
DHB matrix
Table 2 Anthocyanins identified with LC-MS
tR Anthocyanins lmax/nm M
+ Fragments (m/z)
21.4 Dp-3-glc 525 465 303
23.7 Cy-3-glc 517 449 287
25.2 Pt-3-glc 525 479 317
27.6 Pn-3-glc 516 463 301
28.4 Mv-3-glc 528 493 331
33.6 Dp-3-acetylglc 530 507 303
36.2 Cy-3-acetylglc 532 491 287
36.9 Pt-3-acetylglc 535 521 317
39.7 Pn-3-acetylglc 525 505 301
39.5 Mv-3-acetylglc 528 535 331
43.9 Dp-3-p-coumglc 530 611 303
46.3 Cy-3-p-coumglc 595 287
46.8 Pt-3-p-coumglc 528 625 317
49.0 Pn-3-p-coumglc 523 609 301
49.2 Mv-3-p-coumglc 530 639 331
Dp delphinidin, Cy cyanidin, Pt petunidin, Pn peonidin, Mv malvidin,
glc glucose, aclglc acetylglucoside, p-coumglc p-coumaroylglucoside
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